heterogeneous with respect to surrogate end points, such as LVEF or changes in LV volume. Moreover, their key outcomes had been mainly analyzed within a rather short follow-up period of 4 to 6 months after administration of BM-MNC. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The SWISS-AMI study 18 assessed whether early (5-7 days) or late (3-4 weeks) intracoronary delivery of BM-MNC will affect the recovery of LV function after AMI. At 4 months followup, no significant change in LVEF in the treatment groups when compared with control was seen. 13 However, less is known about the long-term effects of BM-MNC therapy on LV remodeling. In the Repair-AMI trial, Assmus et al 19, 20 reported a significant reduction of adverse clinical events and a sustained improvement of LV function after BM-MNC treatment at 2 and 5 years, respectively. Likewise, in line with an earlier meta-analysis, 4 the initially observed improvement in LVEF was maintained ≤5 years of follow-up in an early pilot study of our own group. 21 In contrast, in a randomized trial by Meyer et al, 22 LV function as assessed by cardiac magnetic resonance imaging (CMR) decreased by about 3 absolute points in both the control and BM-MNC-treated groups at 5 years. 22 Most recently, Traverse et al 23 reported the 1-year CMR results of the Timing in Myocardial Infarction Evaluation (TIME) trial and confirmed their earlier neutral results of BM-MNC therapy. Here, we report the completed 1-year CMR and biohumoral results of the SWISS-AMI trial and the available clinical event rates ≤5 years of follow-up.
Methods

Study Sample and Protocol
The entire study design with predefined inclusion and exclusion criteria have been previously described. 13, 18 In brief, patients with acute ST-segment-elevation myocardial infarction (STEMI) and successful PCI within 24 hours after symptom onset were eligible for enrollment into this multicenter, randomized, controlled trial (RCT) provided they presented with an LVEF of <45% as assessed by an LV angiogram or transthoracic echocardiography the day of or after the AMI. After giving their informed consent to participate to the study, patients were randomly assigned in a 1:1:1 fashion to 1 open-labeled control and 2 BM-MNC treatment groups. The control group received best medical management according to current guidelines, 24 including aspirin and clopidogrel or prasugrel, statins, β-blockers, and ACE-inhibitors or ATII-receptor blockers, as well as aldosterone antagonists, if indicated. The early treatment group received intracoronary BM-MNC infusion 5 to 7 days and the late treatment group 3 to 4 weeks after primary PCI, on top of the best medical management. LV function was assessed by CMR in all patients at baseline, at 4 and 12 months after AMI. The hypothesis was that both the treatment groups had equal efficacy to raise LVEF when compared with control patients. A total of 4 Swiss tertiary centers (University Hospital, Zurich; Bern University Hospital; Cantonal Hospital; and Lucerne and Fondazione Cardiocentro Ticino) participated in this trial. The study was conducted in accordance with the declaration of Helsinki, and the protocol was approved by the regional ethical Committee of each participating center and by the Federal competent authorities (Swissmedic and Federal Office of Public Health).
Bone Marrow Aspiration, Cell Processing, and Intracoronary Infusion
All procedures have been precisely described elsewhere. 13, 18 In brief, bone marrow samples were collected under sterile conditions from the iliac crest in local anesthesia. The cell processing was entirely performed in a centralized, good manufacturing practice-certified facility (Cell Therapy Unit, Cardiocentro Ticino, Lugano, CH, Switzerland) by using density gradient centrifugation. The mononuclear cell fraction was then resuspended in 10 mL of serum-free medium added with 20% of autologous serum without adding any heparin.
Cell viability, functional testing, characterization of the product, and sterility were assessed from an aliquot of the cell suspension. BM-MNC were then administered in the former infarct-related vessel by performing the previously described stop-flow technique. 13, 18 
CMR Imaging
As previously described, cardiac imaging was performed using 1.5-Tesla clinical magnetic resonance systems with dedicated cardiac phased-array receiver coils for signal reception. All patients underwent CMR studies during the hospitalization for the AMI (baseline). The studies were then repeated after 4 and 12 months. Functional imaging of the LV was performed by means of standard ECG-triggered steady state-free precession acquisitions during repetitive breath holds in 3 long-axis orientations and in contiguous short-axis orientation, covering the entire LV. A bolus of a conventional extracellular gadolinium-chelates contrast medium at a dose of 0.20 mmol/kg of body weight was administered to assess myocardial scar imaging, by using an inversion recovery fast gradient echo imaging sequence. [25] [26] [27] [28] Scar imaging was performed 20 minutes after administration of contrast medium in identical locations as functional data were acquired.
CMR data analysis was performed in a core laboratory (University Hospital Zurich/CH, Switzerland) using dedicated cardiac analysis software (GTVolume, Gyrotools Ltd, Zurich/CH). LV end-diastolic (LVEDV) and end-systolic (LVESV) volumes, LVEF, and LV mass have been quantified for the assessment of the change of LVEF and for the assessment of ventricular remodeling over time in the 3 study groups. Scar mass was assessed in grams (g).
Clinical Follow-Up
Adverse clinical events, Canadian Cardiac Society (CCS), and New York Heart Association (NYHA) class were assessed at 4 and 12 months after AMI performing dedicated follow-up visits, which were scheduled together with the CMR data acquisition. Thereafter, systematic annual telephone visits were performed ≤5 years after AMI. During these visits, clinical events were systematically asked directly to the patient by trained medical study investigators. Patients were classified as alive only if a direct contact could have been established.
N-Terminal Pro-Brain Natriuretic Peptide
As per protocol, N-terminal pro-brain natriuretic peptide (NTproBNP) values were supposed to be assessed for the entire study population at baseline, during 4 and 12 months follow-up, and the analysis was performed in a central laboratory (Department of Clinical Chemistry, University Hospital, Zurich, Switzerland).
End Points
The following end points are presented: change in LV function and remodeling at 12 months follow-up (LVEF, LVEDV, LVESV, and infarct size) as well as the change of NT-proBNP over the entire follow-up. We also report on the mid-to long-term clinical follow-up and events 
Statistical Analysis
Baseline Characteristics
Continuous data are described either as mean and SD or as median and 25th to 75th percentiles, whenever more appropriate. Categorical data are expressed as counts and percent. Comparison between treatment arms at baseline is performed with the Kruskal-Wallis test and the Fisher exact test, respectively. Adherence to state-of-the-art pharmacological treatment after STEMI and depressed LV function was assessed at baseline and after 4 and 12 months. Only descriptive statistics of the difference between groups are shown.
Evaluation of Follow-Up Data Through 1 Year
To assess whether profiles over time are different between the 3 treatment arms, comparisons of the changes over time (ie, between baseline, 4 months, and 12 months) of the above-described end points (including NT-proBNP values) between the 3 treatment groups have been performed. To do so, a multivariable linear regression model for repeated measures has been fitted, including the factors treatment and time as well as their interaction. Huber White robust SEs were computed to account for intrapatient correlation of measures over time. Given that 5 different end points are assessed, interaction is considered statistically significant when the P value is <0.01 (Bonferroni correction). For all other exploratory (unadjusted) post hoc comparisons, P values are to be considered descriptive only. In all models, treatment effect was adjusted for age, sex, history of coronary artery disease, diabetes mellitus, and baseline LVEF. Residuals were graphically inspected to assess model fit. Median follow-up was described using the inverse Kaplan-Meier method. Cumulative (event-free) survival was plotted using the Kaplan-Meier method and compared with the log-rank test. Time to the first event was considered. The primary comparisons were performed between control and the 2 treatments arms (early and late). Further comparisons of control and 1 combined treatment arm (early+late) are shown in the Online Data Supplement.
Adjustment for Missing Data
The drop out rate, especially for the CMR protocol and within the late therapy group, was high. To account for missing data, we therefore performed multiple imputation analysis using chained equation, 29 which fills in missing values in multiple variables iteratively. Fifty data sets were generated after setting a seed for reproducibility. The largest fraction of missing information was used to confirm that the number of imputed data sets was adequate (thumb rule M=100×fraction of missing information). We imputed the LVEF, LVEDV, LVESV, scar size, NT-proBNP, and their changes through 1 year. We used the following independent variables for imputation: age, body mass index, sex, hypertension, dislipidemia, diabetes mellitus, smoking (active/previous), family history of coronary artery disease, 1-, 2-, or 3-vessel disease, treatment arm, time from pain to revascularization, TIMI flow before PCI, TIMI flow after PCI, use of glycoprotein IIb/IIIa inhibitors, maximal creatinine kinase values, heart failure at baseline, and ventricular fibrillation at presentation. The imputed data were then described with the mean and SE or the median and SE obtained via quantile regression. The same regression models as in the complete case analysis were fitted (while accounting for imputation). Details and discussion of the reasons for missingness are given in the Online Data Supplement.
All tests were 2 sided. The analysis followed the intention-to-treat principle. Stata 14 and Stata 14 mi suite (StataCorp, College Station, TX) were used for computation.
Results
A total of 200 patients were enrolled in the study by 4 centers from October 2006 to January 2012. Sixty-six of them were randomized in the early BM-MNC treatment group and 67 each in the control and late treatment groups, respectively. Complete paired CMR analysis (both at baseline and at 12 months) was available for 150 patients (75%). Twenty-eight patients were lost for follow-up because of death (n=4), implantable cardioverter-defibrillator implantation between 4 and 12 months (n=5), from the CMR protocol because 
Baseline Characteristics
The patient's baseline characteristics have been previously published 13 and are shown in Online Table I . Briefly, patients in the late treatment group were older, were less frequently smokers, and had a higher rate of bivalirudin use during primary PCI. Furthermore, a trend toward a higher baseline LVEF in the control group was observed, which could never be entirely explained. Apart from this, there was no statistically significant difference in baseline characteristics between the 3 groups.
Most of the patients (92.3%) had anterior STEMI because of occlusion of the left anterior descending coronary artery, and the median time from onset of chest pain to reperfusion therapy was 4.5 hours (range: 2.75-8 hours). Antithrombotic treatment during PCI consisted of 65% of glycoprotein IIb/ IIIa inhibitors and 11% of bivalirudin. The median of maximal creatine kinase plasma levels was 3919 U/L (range: 2203-5867), and baseline LVEF, as assessed by CMR at a median of 6 (range: 4-8) days after the index STEMI, was 37.4% (range: 30.9-44.1).
Pharmacological treatment (Table 1) was initiated according to current guidelines 24 shortly after primary PCI. Compliance to prescribed treatment was overall between 90% and 100% for dual-antiplatelet therapy, statins, β-blockers, ACE-inhibitors, or ATII-receptor blockers, respectively.
The characteristics of the infused BM-MNC have been described previously 13 and are shown in Online Table II . Briefly, a median of 153×10 6 nucleated cells have been infused in the infarct-related artery at a median of 6 days (range: 5-7) after STEMI in the early and after a median of 24 days (range: 21-28) after the event in the late treatment group.
Evaluation of Follow-Up Data Through 1 Year
The change in mean LVEF over time within the different groups is shown in Table 2 (Complete Case Analysis); Figure 2 and the absolute change from baseline to 12 months is shown in Figure 3 . Specifically, in exploratory comparisons, for both the therapy groups, between baseline and 4 months follow-up, a nonsignificant trend toward an increase in LVEF with a subsequent decrease between 4 and 12 months was observed. In the control group, a constant, but nonsignificant, decrease in LVEF was noticed. The absolute within-group differences from baseline to 12 months were −1.9 (95% confidence interval, −4.5 to −0.8) for control, −0.9 (−3.8 to 2.0) for the early, and −0.7 (−3.9 to 2.4) for the late therapy groups (Table 2 [Complete Case Analysis]).
Between baseline and 4 months, negative remodeling of the LV occurred predominantly in the control and early treatment groups, whereas the late therapy group showed a nonsignificant increase of both LVEDV and LVESV (Table 2 [Complete Case Analysis]). In all patient groups, LV volumes did not further increase from 4 to 12 months, indicating that the remodeling process had been mainly concluded at 4 months. The absolute within-group differences from baseline to 12 months for LVEDV and LVESV were 19 mL (range: 5-33) and 17 mL (range: 6-29) for the control group, 26 mL (range: 13-38) and 21 mL (range: 10-32) for the early treatment group, and 11 mL (range: −1 to 23) and 10 mL (range: −0 to 21) for the late therapy group, respectively. As expected, in all groups, total scar mass uniformly and significantly decreased between baseline and 12 months without any difference between groups (Table 2 [Complete Case Analysis]). At multivariable repeated measures analysis, none of LVEF, LVEDV, LVESV, and scar size showed differences over time between control and the 2 treatment arms, as documented by the nonsignificant interactions (Table 2 [Complete Case Analysi)]; Online Table  III for model details) .
Additional comparisons between control and the combined treatment arm (early+late) are shown in the Online Data Supplement (Online Figure I ). The results were not different from the initial comparisons between the 3 distinct groups.
As expected, NT-proBNP values were highest at the time of the event and then decreased significantly in all the 3 groups ≤4 months of follow-up. In terms of absolute change between baseline and 12 months of follow-up, there was a trend toward a more pronounced improvement of NT-proBNP values in favor of both the therapy groups ( Figure 3 ). However, with multivariable repeated-measures analysis, no difference was seen any longer between the 3 groups (nonsignificant interactions in Table 2 [Complete Case Analysis]; Online Table IIIA for model details). 
Adjustment for Missing Data
The results of the comparisons of the different treatment groups after multiple imputation to account for missing data are shown in Table 2 [Multiple Imputation]. They seemed similar to the complete case analysis, both in the data description and the comparison of time profile, as can be easily identified by direct comparison with the results of the complete case analysis ( 
Clinical Follow-Up and Events
At 12 months, 84% of the patients were in NYHA class I and 98% of them were free of any angina (without any difference between groups). As shown in Table 3 , the clinical event rate at 12 months was similar within the 3 groups for any of the (7) 182 (7) 167 (7) 12 mo 170 (56) 179 (61) 164 (47) 170 (7) 178 (8) 163 (7) Δ (51) 107 (40) 111 (6) 117 (7) 107 (6) 12 mo 110 (53) 118 (56) 107 (44) 109 (7) 119 (7) 107 (7) Δ Complete Case Analysis: All values are given as mean (SD) or ‡median (25th-75th percentiles). Δ bl-12 months is change from baseline to 12 months and is given as mean (95% confidence interval). The number of the subjects in each population can be found in Figure 2 . Multiple Imputation: All values are given as mean (SE) of the imputed variables or ‡median (SE). Δ bl-12 months is change from baseline to 12 months and is given as mean (95% confidence interval). The model has been fitted accounting for the imputation process. The model is adjusted for age, sex, history of coronary artery disease, diabetes mellitus, and baseline LVEF. The test for interaction tests whether the profile over time of the measured variables is different between treatment arms. P value for significance is set at 0.01 (Bonferroni correction). Details of the regression models results are given in the Online Table III . Bl indicates baseline; LVEDV, left ventricular end-diastolic volume; LVEF, LV ejection fraction; LVESV, LV end-systolic volume; and NT-proBNP, N-terminal pro-brain natriuretic peptide.
*P value for interaction: derives from a general linear model for repeated measures, including both the main effects for treatment and time and their interaction.
by guest on October 18, 2017 http://circres.ahajournals.org/ Downloaded from assessed events or their combination. Events occurring between randomization and cell therapy and during the cumulative 12 months thereafter are presented separately. Clinical events were furthermore followed ≤5 years (median follow-up: 38 months). As shown in Figure 4 , mortality remained low, that is, 2.25% at 12 months and 2.3% at 24 months, in all the 3 groups ≤5 years after the event without between-group differences (log-rank test P=0.43), regardless of the fact that high-risk patients with large STEMIs were enrolled. No death occurred in the control group, whereas 3 patients (5.8%) died in the early and 1 patient (2.3%) died in the late treatment groups. Of note, however, 2 deaths (1 in each treatment group) occurred between randomization and the scheduled BM-MNC treatment. Also, the major adverse event-free survival was comparable between the 3 groups ( Figure 4 , log-rank test P=0.65) for the combined end point of all-cause death, recurrent myocardial infarction, any coronary revascularization, and stroke or rehospitalization for heart failure.
Discussion
The Swiss-AMI trial is the largest RCT, which aimed to address LV function by CMR not only at 4 months after STEMI but also at 12 months of follow-up. Furthermore, together with the TIME trial, 16, 23 it is the only RCT, which addressed 2 time points, either an early or a late time points after BM-MNC administration. Both the treatment groups were compared with a control arm in a unique trial design, assuming an equal treatment effect. Similar to what we reported at short term, 13 we were also unable to demonstrate a significant treatment effect of BM-MNC 12 months after the initial event in both the treatment groups. Although at 4 months a small increase in LVEF was observed in both the treatment groups, there was a nonsignificant decrease in LVEF from baseline to 12 months for all groups without any within-group difference. In particular, between 4 and 12 months, a trend toward a decrease in LVEF was apparent in all the 3 groups. Negative remodeling was not notable in the late treatment group, but was notable in the early treatment and control groups. The latter finding, however, is difficult to interpret because it was not associated with an improvement in LV function. Although the CMR protocol of the Swiss-AMI trial had a relatively high drop out rate, the robustness of the results was confirmed by the fact that multiple imputation analyses to address for missing data only marginally changed the outcomes of the study.
More than a decade after the publication of the first RCTs, the results of our study underscore that it is still unclear if BM-MNC, administered within the first weeks after STEMI, exert a beneficial effect on LV function during follow-up. The results were mainly suggesting a positive effect of BM-MNC treatment on LV function. Indeed, the earlier studies showed a small increase in LVE and a reduction in LV volumes and suggested potential clinical benefit. In contrast, more recent studies, 13, 15, 16 using CMR as a standard to assess LV function, were not able to confirm a significant effect of intracoronary BM-MNC administration in patients with STEMI undergoing successful primary PCI. Similarly, a recent meta-analysis, using individual patient data of the included trials, 7 did not show any effect on LVEF and was not able to confirm a positive effect on LV remodeling either. As a consequence, there is an ongoing debate how such discrepancies may be explained. Most of the meta-analyses were using publication-based data sets such as the number of patients in the treated and control groups and the mean changes from baseline to follow-up including the SD of both groups. An advantage of the meta-analysis based on individual patient data, such as the Meta-Analysis of Cell-Based Cardiac Studies (ACCRUE) consortium, 7 is the use of effectively collected data of each participating study and a lower heterogeneity between the included trials and the exclusion of withdrawn studies (such as the Strauer series) and those without published changes in LVEF (often the case in smaller studies). Such an approach avoids the necessity to recalculate changes based on mathematical formula. However, some trials had to be left out from the meta-analysis because of the unwillingness of the authors to provide individual patient data, which somewhat weakens the generalizability of that recent meta-analysis. Thus, also meta-analyses of any nature are not able to give the definitive answer to the still unresolved issue if the intracoronary injection of BM-MNC shortly after STEMI will improve LV function or outcome.
The durability of a putative beneficial effect of BM-MNC is even less well studied. The mid-term outcome of the Swiss-AMI trial between 4 and 12 months is partially in line with the 5-year results of Meyer et al 22 who also described a late decrease in LVEF of 3 absolute percentage points in the control and treatment groups. Furthermore, there are important similarities between our study and the TIME trial 16, 23 with regard to the study design by addressing 2 different time points of cell administration and the use of CMR to assess LV function. Likewise, the results of both the trials and the conclusions seem As in the TIME trial, 23 we also pooled both therapy groups in a secondary analysis without any substantial change of results.
The long-term clinical outcome of the Swiss-AMI trial was characterized by a surprisingly low overall mortality rate of only 2.25% at 1 year and of 2.3% at 2 years. Furthermore, no difference between the 3 groups was observed as for the combined clinical end point of death, myocardial infarction, revascularization of any kind, or rehospitalization for heart failure. The low mortality rate of our study at 1 and 2 years of follow-up leads to 2 further conclusions: first, mortality after large STEMIs in the era of modern reperfusion therapy with primary PCI presenting in a hemodynamically stable condition is much lower than generally expected. This could play a crucial role for the ongoing The Effect of Intracoronary Reinfusion of BM-MNC on All Cause-Mortality in AMI (BAMI) trial (NCT 01569178), which assumed a 12% of mortality rate after 2 years using similar inclusion criteria as the here presented SWISS-AMI trial. Second, as for all-cause mortality, also for the combined clinical end point, no significant difference could be detected between the control and treatment groups ≤38 months. Importantly, our results contradict the positive long-term results of the Repair-AMI study, to which our group participated as recruiting center, and the findings of several meta-analyses, 2, 19 which were both showing a potential positive effect of BM-MNC treatment on mortality and outcome.
Interestingly, NT-proBNP, a biomarker of LV dysfunction, which is closely related to prognosis, 30, 31 was the only parameter pointing to a potential treatment effect of BM-MNC. Only in both the BM-MNC therapy groups, a near normalization NT-proBNP levels occurred between 4 and 12 months, whereas in the control group, the values did not further decrease within this time period. The difference between groups tended to be significant only for absolute changes between baseline and 12 months, but not in the regression model and after accounting for missing data. Obviously, the role of NT-proBNP has never been validated as a marker of outcome for cell-based treatment studies, which limits the value of these data. Further investigations are, thus, required to clarify if NT-proBNP may be a helpful surrogate marker in addition to LVEF to assess the clinical use of cell-based therapy.
Study Limitations
The limitations of the SWISS-AMI trial have been extensively discussed previously. 13 One limitation is the important drop out rate. The withdrawal rate from the study protocol was higher in the late therapy group, particularly during the first 3 weeks, that is, during the waiting time between discharge from hospital after primary PCI and the planned rehospitalization for cell therapy. Likewise, the drop out rate of the CMR protocol was also high, but it was well comparable to those reported in other important trials of the field, 23 indicating that in general the designs of current trial protocols are challenging.
A further limitation of the study is the long recruitment period. Finally, the biological properties of the injected BM-MNC may have limited the treatment effect. BM-MNC are a heterogenic, unselected cell population, containing only small portions of cell types, which in vitro or in small-animal trials have been shown to exert regenerative capacity. Cell characterization at the time of the study enrollment was less well studied and was limited to the number of CD34 + and CD133 + cells (which were found in comparable numbers as in previous trials 13 ). Nevertheless, the lack of regenerative capacity of BM-MNC in our trial cannot be generalized to the other selected cell types deriving from the bone marrow or for other progenitor cell types, such as selected mononuclear cells, mesenchymal stem cells, or cardiac stem cells. Of note, we have recently shown a reduced migration capacity of aged BM-MNC when compared with those obtained from young healthy subjects. 32 Similarly, BM-MNC obtained from patients with diabetes mellitus or heart failure exhibit a reduced regenerative capacity. 33 Thus, it is likely that BM-MNC obtained from patients of advanced age with LV dysfunction as in most trials may be functionally deficient and hence unable to improve LVEF as has been shown in young rodent models without cardiovascular risk factors.
In conclusion, the Swiss-AMI trial in patients with STEMI and LV dysfunction intracoronary infusion of BM-MNC either 5 to 7 days or 3 to 4 weeks after successful reperfusion therapy by primary PCI did not show any improvement in LVEF at 12 months. The clinical value of BM-MNC remains unclear and, thus, the results of larger outcome studies, such as the ongoing BAMI trial (NCT 01569178), aiming to demonstrate a beneficial effect of BM-MNC on 2-year survival, must be awaited.
What Is Known?
• Earlier studies reported promising benefits in left ventricular remodeling and function using bone marrow-derived mononuclear cell treatment after acute myocardial infarction.
• The results of more recent trials using similar cell preparation techniques are challenging the initial findings. Furthermore, the durability of any positive effect has not been sufficiently demonstrated.
What New Information Does This Article Contribute?
• The long-term results of the Swiss-AMI trial are strikingly in line with most recent findings in the field lacking of any positive effect on cardiac function, remodeling, or adverse events neither 4 months nor 12 months after myocardial infarction.
• Mortality, even after large myocardial infarction, is surprisingly low, which is gratifying for patients but may have important impacts for the design of future trials.
Little more than 10 years ago, bone marrow-derived progenitor cells were first injected in the infarct-related artery several days after myocardial infarction and initial results seemed to be promising in terms of improvement of left ventricular function. The aim of the presented trial was to confirm the favorable effect on remodeling for the cell therapy groups and to address the ideal timing for treatment. We randomly assigned the 200 included patients to an open-labeled control and 2 therapy arms. Bone marrow-derived progenitor cells were, thus, injected early (5-7 days) or late (3-4 weeks) after myocardial infarction. Like at short term, also after 12 months, we could not find any benefit from progenitor cell therapy on left ventricular function or major cardiac adverse events. Only the trends of N-terminal pro-brain natriuretic peptide over time may be more favorable for the cell therapy groups than for control groups. Overall, the mortality after myocardial infarction was rather low (2.25%) without significant difference between groups. This may have important impact on the design of future trials. Concluding, intracoronary infusion of bone marrow-derived progenitor cells either early or late after large acute myocardial infarction did not improve left ventricular function at 12 months follow-up, compared with an open-labeled, randomized control group.
SUPPLEMENTAL MATERIAL
Additional information concerning Methods
Justification of the inclusion of baseline LVEF in models:
Although the treatment arms were randomized, baseline LVEF was not completely equal in all three groups (Online Table I ). Also, it has been shown in the past that baseline LVEF may play an important role in the interpretation of the results in studies with cell-based therapies after AMI. Especially in the Repair AMI trial 1 , patients with a lower baseline LVEF derived the most benefit from cell therapy. Furthermore in the Regent trial 2 , only for patients with the most depressed LVEF there was a trend in favor of cell therapy. Therefore, the conclusion has been drawn, that the difference between control and both therapy groups for baseline LVEF, although not completely significant when applying the Bonferroni correction, could not be ignored. Thus, baseline LVEF was included as covariate in all regression analyses, in order to perform adjustment for baseline LVEF.
All other confounders collected at baseline (age, gender, history of CAD, diabetes) and included in the model were chosen both due to clinical relevance and some imbalance between treatment arms observed.
Additional information concerning missingness and multiple imputation
Reason for dropping out from the study is illustrated in the flowchart of Figure 1 . Already for the main publication 3 , we had many discussions about drop out rate already during review process of the primary endpoint. We concluded that drop out rate was highest in the late therapy group, where patients left the hospital where primary PCI was performed and had to come back for treatment (either from home or from rehabilitation unit). This incommodity may have led to the higher drop out rate in this group. We then tried to look at clinical parameters of those patients dropping out and compared them with the remaining patients. This was not easy and contained further potential bias as some patients withdrew only partial informed consent (i.e. refused repetitive CMR analysis) whereas others withdraw complete consent including data storage or further clinical follow-up data assessment.
Taking into account all three study-groups, drop out patients were significantly older than those who maintained in the study (65years vs. 56 years).
They had a trend to have higher CK max values but did not differ in terms of gender, baseline LVEF or baseline NT-proBNP.
Looking at the same values (gender, age, baseline CK max, baseline NT-pro-BNP, baseline LVEF) as per group, we did not see a difference between drop-out and study-compliant patients for the control and for the late therapy group. However, drop-out patients in the early therapy group were older and had higher CK-max values.
We also performed a more detailed analysis of reasons for missing data:
We classified data not missing at random (Death, ICD implantation) and missing at random (MAR) which should be true for complete withdrawal from all follow-up protocols, isolated withdrawal for specific follow up protocols (no CMR for claustrophobia; refused CMR or blood sample) and for technical reasons (CMR not readable / interpretable; missing blood sample for oblivion). Most of the missing data were due to reasons concerning the clinical situation, therefore classified as MAR. Missing data classified as non-MAR, were few, i.e. death (n = 4) and ICD implantation (n = 5).
For these reasons we performed multiple imputation using chained equation, which fills in missing values in multiple variables iteratively. The Stata 14 mi suite was used. Fifty datasets were generated after setting a seed for reproducibility. The largest fraction of missing information (FMI) was used to confirm that the number of imputed data sets was adequate (thumb rule M=100*FMI). We imputed the LVEF, LVEDV, LVESV, scar size, NT-proBNP and their changes at 12 months. We used the following independent variables for imputation: age, body mass index, gender, hypertension, dislipidemia, Diabetes, Smoking (active/previous), Familiar history of coronary artery disease, 1 / 2 / 3 vessel disease, treatment arm, time from pain to revascularization, TIMI flow before PCI, TIMI flow after PCI, Use of Glycoprotein IIb/IIIa inhibitors, maximal creatin kinase values, initial heart failure, initial ventricular fibrillation. The imputed data were then described with the mean and standard error (SE) or the median and SE obtained via quantile regression. The same regression models as in the complete case analysis were fitted (while accounting for imputation).
Additional information for results
Comparison of the two treatment arms with controls, pooled:
Changes over time were compared between control and one pooled treatment arm (Online Figure I) . The results were not different from the main analysis, with no significant interaction term, thus no claim of treatment effect could be made in this case either.
Comparison of treatment effect after multiple imputation:
Results of treatment comparisons after multiple imputation are shown in the Table 1B . They appear similar to the complete analysis, both in the data description and the comparison of time profile (p for interaction non significant in all cases); details of the regression models are reported in the Online Table IIIB .
Online figure legends
Online Figure I:
Descriptive statistic (columns) of the mean absolute change in left ventricular ejection fraction (LVEF -%), left ventricular end-diastolic volume (LVEDVml), left ventricular end-systolic volume (LVESV -ml) and NT-proBNP (pg/ml) from baseline to 12 months for control and the combined bone marrowderived mononuclear cell treatment group ("early + late").
Online Tables
Online Table I Online Table III reports 
